The purpose of this paper is to propose an integrated approach of simulation, fuzzy analytic hierarchy process and Quality Function Deployment (QFD) and Multiple Criteria Decision Making (MCDM) for facility layout design improvement and optimization. Computer simulation has been used to determine quantitative measures. Analytical Hierarchy Process (AHP) has also been used to determine the weight of qualitative measures for layout alternatives. Non equal weights have been derived with respect to the quantitative and qualitative criteria. QFD has been used to determine weights of criteria and the importance of the alternatives in relation to quantitative and qualitative measures. Finally, Topsis approach has been used for ranking the alternatives and identifying the best alternative. The results imply that the proposed methodology is more reliable compared to existing approaches. In addition, the methodology requires managers' concentration on Facility Layout Problem (FLP). This paper provides organizations a way to devise and refine adequate criteria and alleviate the risk of selecting optimal solutions.
Fuzzy Analytical Hierarchy Process (FAHP)
The reason for adopting AHP especially for the qualitative performance data is the fact that qualitative factors are often complicated and in conflict. Also, the user acceptability and confidence in the analysis provided by the AHP methodology is high when it is compared with other multi-attribute decision approaches (Zakarian and Kusiak,1999) . AHP has been widely used as a useful Multiple Criteria Decision Making (MCDM) tool or a weight estimation technique in many areas such as selection, evaluation, planning and development, decision making, forecasting, etc. (Vaidya and Kumar, 2006) . Traditional AHP requires crisp judgments. However, due to the complexity and uncertainty involved in real world decision problems, a decision maker may feel more confident to provide fuzzy judgments than clear comparisons. Also, with respect to the purpose of AHP, which is to capture the experts'knowledge, the conventional AHP still cannot reflect the human thinking style (Kahramana et al., 2004) . There are numerous fuzzy AHP methods proposed by various authors (van Laarhoven and Pedrycz, 1983; Buckley, 1985; Chang, 1996; Cheng, 1997) . These methods are systematic approaches to alternative selection and justification problem by using the concepts of fuzzy set theory and hierarchical structure analysis. Decision makers usually find that it is easier to make judgments using interval scales rather than exact values. This is because usually they are unable to be explicit about their preferences due to the fuzzy nature of the comparison process (Bozbura et al., 2007) . Among the FAHP approaches, the extent analysis method has been employed in a number of applications due to its computational simplicity. Decision maker can specify preferences in forms of natural language expressions about the importance of each performance attribute. The system combines these preferences using fuzzy AHP, with existing data (from industrial surveys and statistical analysis) to reemphasize attribute priorities. In the FAHP procedure, the pair wise comparisons in the judgment matrix are fuzzy numbers that are modified by the designer's emphasis. In the following, the outlines of the extent analysis method based on fuzzy AHP are introduced (Wang et al., 2008) : Let X={x 1 ,x 2 ,…,x n} be an object set, and U ={u 1 ,u 2 ,…, u m } be a goal set. According to the method of extent analysis by Chang (1992) , each object is taken and extent analysis for each goal is performed, respectively. Therefore, extent analysis values for each object can be obtained, considering the following signs:
(1)
Where all the M j gi ( j=1,…,m) are triangular fuzzy numbers. The steps of Chang's extent analysis include:
Step 1: The value of fuzzy synthetic extent with respect to the object is defined as:
Step 2: The degree of possibility of M 1 (l 1 ,m 1 ,u 1 ) and M 2 (l 2 ,m 2 ,u 2 ) is defined as:
To compare M 1 and M 2 , both the values of
Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy numbers M i (i=1,…,k) can be defined as:
For k =1,…,n; k≠1, then the weight vector is:
Where A i (i=1,…,n) are the n elements.
Step 4: Via normalization, the normalized weight vectors are:
Where W is a non-fuzzy number.
Simulation
Simulation has been commonly used to study the behavior of real world manufacturing systems to gain better understanding of underlying problems. Simulation modeling is arguably more widely applied to manufacturing systems (Azadeh et al., 2008) . A reason for this is the competitive environment in many industries that has resulted in a greater emphasis on automation to improve productivity and quality. Since automated systems are more complex, they typically can only be analyzed by simulation. Another factor is that the cost of equipment and facilities can be very large, thus the relatively small expenditure on simulation can reduce the risk of failed implementation. Thus the process industries with their generally high level of automation and capital investment would seem an ideal opportunity for the utilization of the simulation technique (Saeheaw et al., 2009) . Despite their widespread occurrence, available examples of the application of simulation modeling are few, and those that do occur tend to focus on the analysis of production planning and control issues. Katayama (1996) uses simulation to assess a production planning procedure for a multi-item continuous production system in a petrochemical plant. White and Tsai (1999) use simulation to analyze the logistics of solvent recovery in a chemical processing plant. Vaidyanathan et al. (1998) use simulation as a daily production scheduling tool in a coffee manufacturing process. Therefore, a simulation model is an easier way to build up models to represent real life scenarios, to identify bottlenecks, to enhance system performance in terms of productivity, queues, resource utilization, cycle times and lead times. Some of the advantages of computer simulation methodologies are that they provide feasible solutions within a short period, cuts inventory and throughput time, optimizes system dimensions including buffer sizes, maximizes the use of manufacturing resources, improves line design and schedule, enhances productivity of existing production facilities, reduces investment in planning new production facilities and reduces investment risks by early proof of concept (Law and Kelton, 2000) .
Quality Function Deployment (QFD)
QFD is a systematic procedure for defining customer needs and interpreting them in terms of product features and process characteristics. The systematic analysis helps developers avoid rushed decisions that fail to take the entire product and all the customer needs into account (Cohen, 1995) . It is a process that involves constructing one or a set of interlinked matrices, known as "quality tables". The first phase of this technique is called the "House of Quality" (HoQ). The HoQ matrix has two principal parts; the horizontal part, which contains information relevant to the customer, and the vertical part, which contains corresponding technical translation of their needs (Almannai and Greenough, 2008) . The basic process underlying QFD resides in the centre of the matrix where the customer's and technical intersect, providing an opportunity to examine the customer's voice versus each technical requirement. QFD helps companies to maintain their competitiveness using three strategies of decreasing costs, increasing revenues, and reducing the time to produce new product or service (cycle time reduction) (Hunt and Xavier, 2003) . QFD allows the company to allocate resources and to coordinate skills and functions based on customer needs, and thus, may result in lower production costs by ignoring aspects meaning little or nothing to the customer. Its systematic nature also evaluates the necessary decisions for change and development at the beginning of the design process, reducing and even avoiding the mid-project changes and corrections. Customers would have no knowledge of whether or not a firm uses QFD. It is the price and the specifications that emerge as a result of using QFD that attracts the customer. In this way, QFD facilitates the entire development process, minimizing the corrections and waste during this phase, and optimizing the time required for introducing a new or improved product or service to the market (Karsak et al., 2002) . In this paper, only the first phase, i.e. the HoQ is utilized. In today's competitive environment, the HoQ is a key strategic tool to aid companies in developing products that satisfy customer needs. HoQ provides a conceptual map that facilitates the means for inter-functional planning and communications. HoQ includes five major elements as (Shahin, 2008) : i) customer needs (Whats); ii) design requirements (Hows); iii) relative importance of the customer needs; iv) relationships between Whats and Hows; and v) overall priorities of the design requirements. 5. TOPSIS method TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) is one of the useful Multiple Attribute Decision Making (MADM) techniques to manage real-world problems (Yoon and Hwang, 1985) . TOPSIS was initially proposed by Hwang and Yoon (1981) . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution and farthest from the negative ideal solution (Benitez et al., 2007) . In fact, the ideal solution is composed of all the criteria with the best values attainable (aspired/desired levels), whereas the negative ideal solution is made up of all the criteria with the worst values attainable (tolerable level) (Wang, 2007) . The following characteristics of the TOPSIS method make it an appropriate approach which has good potential for solving selection problems (Amiri et al, 2010) : i) an unlimited range of alternatives and performance attributes can be included; ii) in the context of alternatives selection, the effect of each attribute cannot be considered alone and must always be seen as a trade-off with respect to other attributes. TOPSIS seems a suitable method for multi-criteria selection problems as it allows explicit trade-offs and interactions among attributes. More precisely, changes in one attribute can be compensated in a direct or opposite manner by other attributes; iii) the output can be a preferential ranking of the alternatives with a numerical value that provides a better understanding of differences and similarities between alternatives, whereas other Multiple Attribute Decision Making (MADM) techniques (such as the ELECTRE method) only determine the rank of each alternative; iv) it can include a set of weighting coefficients for different attributes; and v) it is relatively simple and fast, with a systematic procedure. In this paper, the TOPSIS method is used for determining the final ranking of the alternatives. The general step-by-step procedure of TOPSIS is briefly introduced as follows (Ertugrul and Karakasoglu, 2009):
Step 1. Decision matrix is normalized: (7) where r ij indicates the performance rating of alternative A i (i=1,....,m) with respect to criterion C j (j=1,...,n) and the normalized value of n ij is the value of the corresponding element r ij divided by the operation of its column elements.
Step 2. Weighted normalized decision matrix is formed as:
Step 3. Positive and negative ideal solutions are determined as: (9) Where J is associated with the benefit criteria and J* is associated with the cost criteria.
Step 4. The distance of each alternative from ideal solution is calculated as: Step 5. The closeness coefficient of each alternative is calculated as: (11) Step 6. By comparing CL i values, the ranking of alternatives are determined.
Proposed methodology and findings
In this section, an algorithm is proposed, which can be divided into two major phases. In the first phase, the HoQ is constructed using the FAHP and simulation approaches, and in the second phase, the results of the first phase are integrated with Topsis approach for ranking plans. In order to examine the proposed algorithm, the Part Safeh Industry Co., which is a manufacturer of extrusion products in Iran is studied. Its products vary in three sub-groups depending on color, size and shape. Fig. 1 shows the current facility layout plan (flow diagram) of the company. The aim of the new algorithm is to address a facility plan that produces quality products in a flexible and low cost manner. When product demands vary, frequent changes in the production line are unavoidable. In those time spans where the demand is very high, customers' needs might not be fully met. Mostly this is related to the high setup times; hence the low production velocity causes the low production flexibility, which in turn is a result of the low production volume and high production variety in the production lines. Therefore, changing the design of facility layout is necessary to cope with these problems. It is important to note that the application of the integrated approach is expected not to be limited to special cases and it could be applied in any organization with any type of services/products. The proposed methodology solves the layout design problem in a hierarchical framework, as illustrated in Fig.2 . In the following, the steps of the proposed model are described.
Step 1: Data collection
Data collection should include characteristics of products, quantities, routing, support, and time considerations in order to assure the validity of the input data at the design stage. The design objectives usually include both quantitative and qualitative criteria. The process of Part Safeh Co. is divided into nine departments in the company's existing layout. The material flow is from department one to nine sequentially and regardless of product type. Table 1 represents the relationship codes and space requirements of the departments. The performance measures are determined through discussion with the company's managers and based on general layout guidelines. They include total cost, waiting time, flexibility, accessibility, and maintenance. Flexibility involves two aspects; the capability to perform a variety of tasks under a variety of operating conditions and the flexibility of future expansion. Accessibility involves material handling and operator paths. Finally, maintenance involves the required space for maintenance engineers and tools movement.
Step 2: Layout alternative generation
In production management one of the best-known methods for determining this arrangement is systematic layout planning (SLP), as developed by Muther (1973) . SLP is a procedural layout design approach and is used for layout generation. The process of performing SLP is relatively straightforward. However‚ in recent decades it has been addressed as a common approach in providing layout design guidelines. The SLP begins with a data collection analysis called PQRST (step 1) for the overall production activities. It includes product (P)‚ quantity (Q)‚ routing(R)‚ supporting (S)‚ and time (T), which should be scrutinized in order to assure the validity of the input data at the design stage. In the flow of materials analysis (step 2)‚ all material flows from the whole production line are aggregated into a from-to chart that represents the flow intensity among different tool sets or departments. The step of "activity relationships" (step 3) performs qualitative analysis towards the closeness relationship decision among different departments. The step of relationship diagram (step 4) locates departments spatially. Those departments that have strong interactions and/or close relationships are placed in proximity. The steps of "space requirements" and "space available" (steps 5 and 6) determine the amount of floor space to be allocated to each department. The step of "space relationship diagram" (step 7) adds departmental size information into the relationship diagram of step 4. Additional design constraints and limitations are considered before the start of block layout generation in steps 8 to 9. In step 10, layout alternatives are developed as design candidates. In step 11 the final design is chosen from the design candidates (Yang et al., 2000) and the alternative layout generation is constituted. These stages are presented in Fig.3 . Also, in the case study, 12 alternatives are preliminary considered for further evaluation as illustrated in Fig.4 .
6.3
Step 3: Quantitative data obtained from simulation The focus of modeling and simulation process is on formulating and solving a real system such as facility layout problem. Furthermore, the system being studied is simulated, verified and validated. The next step involves scenarios definition. Data related to problem objectives would be extracted from simulation with respect to selected scenarios. Then, the result is normalized to be used in HoQ. The following assumptions are used to define the problem:
• the process line is never starved;
• set up times are not taken into consideration, since in a real system the setup process is usually accomplished at the end of the working time;
• eight hours working time does not include breaks;
• no maintenance process is performed during the working period;
• all process times for operations include 'insignificant breakdowns'; and • transportation of raw materials is performed by workers who are assigned for operations. A simulation model is an easy way to develop models to represent real life scenarios, to identify bottlenecks, to enhance system performance in terms of productivity, queues, resource utilization, cycle times, lead times, etc. Simulation has been recognized as a good tool to evaluate performance of different optimization methods. Good results have been obtained in the case of basic scheduling policies, allowing comparison between different options. The models can be applied in a real system to analyze the system performance, more efficiently and effectively. Thus, managers can prevent any unexpected situation by analyzing results using the simulation model. In this study, the process is examined and the simulation model is run to be verified and validated. The comparison between simulation results and pre-historical records show the consistent throughput. After validation of the simulation model, the solution of improvements was generated by concurrently considering the practical changes in production operations and work constraints. Qualitative measures obtained from simulation model include total cost, waiting time and cycle time. Quantitative measures obtained from simulation for scenarios are addressed in Table 2 . The simulation models are implemented in the Arena simulation software. This software has a high capability to model manufacturing systems and embed key technology for desktop application integration, enabling the use of existing enterprise models. As an example, the Arena model of the production process for alternative 1 is presented in Fig.5 .
Step 4: FAHP for qualitative data evaluation
The purpose of the FAHP approach is to tolerate vagueness and ambiguity of information and to provide a vector of weights expressing the relative importance of the layout alternatives with respect to each criterion. Qualitative measures are weighted by FAHP. Qualitative data includes aspects of flexibility, accessibility and maintenance. The resulting weights are addressed in Table 3 . In order to construct fuzzy positive matrices, the scores of pair wise comparison are transformed into linguistic variables, which are represented by positive triangular fuzzy numbers listed in Table 4 . For all stages of the hierarchy, the consistency index (CI) of the fuzzy judgment matrix is calculated. The resulting CI values of accessibility, maintenance and flexibility are 0.873, 0.902 and 0.848, respectively, indicating good consistency. 6.5
Step 5: Developing HoQ using data from previous steps QFD could be used in different ways considering its flexible nature. This stage involves the integration of QFD, simulation (normalized results from simulation) and FAHP model. All these techniques are used to support the process of system optimization decision-making. With respect to the fact that the criteria (quantitative and qualitative) do not have equal weights, the purpose of this stage is to determine the weights and to provide the importance of the evaluation criteria in relation to alternative layouts. In other words, the relationship matrix indicates that how much each of the Hows affects each of Whats. The relations can either be presented in numbers or symbols. In this investigation, the results obtained from the previous steps (AHP and simulation) are used to denote the relationship between Whats and Hows. The HoQ matrix is then developed as depicted in Table 5 . The required data such as pairwise comparison judgments of "Whats" are collected from experts' opinions and historical data in the company records. Also, the CI of the fuzzy judgment matrix is 0.896, indicating good consistency. The sum of the overall priority of hows in Table 5 is not equal to 1. In fact, the sum of the values is 0.9995. The difference is due to rounding normalized values derived from simulation. However, this does not influence the priorities of alternatives in QFD. Alternatives 2, 3, 4, 6 and 7 have relatively higher weights than the first alternative, i.e. they have better performance compared to the existing layout. In selecting the best alternative, the 11 proposed alternatives are further prioritized in the next step based on more criteria and factors. It is important to note that since the existing layout (first alternative) is being utilized, its evaluation by Topsis criteria, i.e. cost and ease of implementation might become useless.
Step 6: Using Topsis
In general, MCDM is a powerful decision-making tool that structures the problem clearly and systematically. In this paper, in order to rank the alternatives according to attributes, the Topsis approach is used. In this approach, priority ranking of the 12 th alternative is computed by four attributes and in every problem a geometrical system can be considered consisting of 11 points in four dimensional spaces. The attributes which will be used for the evaluation of alternatives in the Topsis model include overall priorities of the Hows from HoQ (importance), implementation cost for each layout, ease of implementing each plan and number of essential personnel for each alternative. In this step, linguistic terms are used to describe the ease of implementing each plan as illustrated in Table 6 . Also, by the use of Topsis approach and the experts' opinions, the decision matrix is constructed as Table 7 . Then, the decision matrix is developed based on equation 7 (Table 8 ) and the attributes' weights are determined by the FAHP approach ( Table 9 ). The weighted normalized decision matrix of the alternatives is developed by multiplying the normalized decision matrix and the weights (Table 10) . After developing the weighted normalized decision matrix, the final ranking procedure determines the ideal solution and negative-ideal solutions as it is addressed in Table 11 . Finally, the relative closeness of the ideal solution is calculated (Table 12) .
Discussion
Considering the results of the case study, it is found that the integrated approach of simulation, FAHP model and QFD enhances the evaluation processes. In the first phase, the twelve alternatives were prioritized according to the six criteria derived from applying each of the two approaches of FAHP and simulation. According to the experts' opinions, quantitative measures had higher importance compared to qualitative measures and it is concluded that plans 6 and 11 had the highest and lowest priorities, respectively. However, with respect to the fact that there are additional factors for consideration (i.e. FLP), Topsis assures that plan 6 can become the best alternative for implementation. An important fact that should be noted here is that beside the potential advantages that the proposed approach might provide, there might be limitations. For example, the proposed approach can only be used in production systems with process layout (i.e. job shop). Also, depending on the strategies of organization, there might be limitations associated with the resource for implementation of each layout such as budget constraints and personnel level, i.e. required personnel for each layout. It is suggested to the organization to overcome the first limitation by solving FLP via the integrated approach proposed in this research (i.e. FAHP, simulation and Topsis) and using methodologies such as genetic algorithm. Also, if resource limitations exist, it should be solved via models of programming such as goal programming. The findings compared to the work of Yang and Kuo (2003) and Ertay et al. (2006) imply that the proposed methodology provides a more accurate, effective, and systematic decision support approach for problem solving (Fig.6 ). In addition, consideration of the relationships among criteria and plans of this paper provides organizations a way to refine and determine adequate criteria and decrease the risk of selecting optimal solutions. In addition to the above discussion, it is argued that the systematic framework presented in this paper seems flexible and it can be easily extended to solve different management decision-making problems.
Conclusions
The objective of this paper was to propose an integrated approach of simulation, fuzzy AHP, QFD and MCDM for facility layout design improvement and optimization. The results indicate that the proposed approach enhances problem solving in facility layout, compared to the reviewed literature. The methodology was successfully applied in a plastic profile production system. In the proposed methodology, both quantitative and qualitative objectives were simultaneously considered by simulation and AHP and the most efficient scenario was determined by the Topsis model. This is quite important for systems where some of their performance measures are qualitative such as production systems. The objective of simulation model was to increase the reliability of the production system. FAHP was proposed to take the decision makers subjective judgments into consideration and to reduce the uncertainty and vagueness in the decision process. According to the flexible nature of QFD, the interaction of different approaches (FAHP and simulation) should be embraced and incorporated within the QFD process in order to utilize its full potential. Considering resource factors and multi-objective nature of the problem, a Topsis model was constructed to determine the best plan among all feasible alternatives according to the assessment of multiple quantitative and qualitative attributes. Overall, in this paper the development of system improvement and optimization decision support approaches were described with the aim of supporting management in reducing cost and increasing production rate. While the developed model includes considerable advantages, its application is limited to process layout (job shop). Also, factors such as organizational strategy and constraints of resource, budget and personnel competence have not been considered. It is important to mention that the constraints of the eighth and ninth steps in SLP are associated with the location of departments, which are close to each other. For instance, the first department (raw materials) should not be located next to the sixth department (painting). Also the third and fourth departments should be located in a particular space, since the work pieces must be moved through underground system to be washed. In addition, it should be noted that the findings may be relevant to the studied company (i.e. Part Safeh Co.) and applicability of the processes and tools used should be further examined in wider samples of organizations. Although the proposed methodology was related to a production system, it can also be developed for different systems. Modification and adjustment may be required on the proposed approach due to two reasons: the components constituting the QFD of the proposed model such as criteria (quantitative and qualitative) and number of alternatives (layouts) may vary depending on the organization vision; and relationships or dependencies among criteria or performance measures may also vary. However, it seems that the modification and adjustment will make the new methodology more effective. Positive reciprocal triangular fuzzy number Extremely strong (9, 9, 9) (1/9, 1/9, 1/9) Intermediate (7, 8, 9) (1/9, 1/8, 1/7) Very strong (6, 7, 8) (1/8, 1/7, 1/6) Intermediate (5, 6,7) (1/7, 1/6, 1/5) Strong (4, 5, 6) (1/6, 1/5, 1/4) Intermediate (3, 4, 5) (1/5, 1/4, 1/3) Moderately strong (2, 3, 4) (1/4, 1/3, 1/2) Intermediate (1, 2,3) (1/3, 1/2, 1) Equally strong
(1, 1,1) (1, 1,1) 1.Simulation is used to study behavior of real system 2.QFD is used to determine importance of each criteria (quantitative and qualitative), but in previous studies, the weights were equal. In this research, more criteria are considered for analysis. 3.In this research, the preference ratings of the alternatives are determined by additional goals and overall priorities of HoQ. 4.In order to obtain reliable results, based on alternatives and attributes, an integrated approach of QFD and Topsis models is used. 
